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Otamixaban for the treatment of patients with 
non-ST-elevation acute coronary syndromes (SEPIA-ACS1 
TIMI 42): a randomised, double-blind, active-controlled, 
phase 2 trial
Marc S Sabatine, Elliott M Antman, Petr Widimsky, Iftikhar O Ebrahim, Robert G Kiss, André Saaiman, Rostislav Polasek, Charles F Contant, 
Carolyn H McCabe, Eugene Braunwald 

Summary
Background Otamixaban is an intravenous direct factor Xa inhibitor. We aimed to assess its effi  cacy and safety in 
non-ST-elevation acute coronary syndromes and to identify the optimum dose range for further assessment in a 
phase 3 study.

Methods In this double-blind, phase 2 trial undertaken in 196 sites in 36 countries, 3241 patients with non-ST-elevation 
acute coronary syndromes were randomly assigned via a central, telephone-based interactive voice response system to 
one of fi ve doses of otamixaban (0·08 mg/kg bolus followed by infusions of 0·035 [n=125], 0·070 [676], 0·105 [662], 
0·140 [658], or 0·175 [671] mg/kg/h) or to a control of unfractionated heparin (60 IU/kg intravenous bolus followed by 
an infusion of 12 IU/kg/h) plus eptifi batide (180 μg/kg intravenous bolus followed by an infusion of 1·0–2·0 μg/kg/min 
[n=449]).  Both investigators and patients were unaware of treatment allocation. Enrolment into the lowest dose group 
was stopped early at the recommendation of the Data Monitoring Committee. The primary effi  cacy endpoint was a 
composite of death, myocardial infarction, urgent revascularisation, or bailout glycoprotein IIb/IIIa inhibitor use up to 
7 days. The primary safety endpoint was TIMI major or minor bleeding not related to coronary-artery bypass grafting. 
Effi  cacy analyses were by intention to treat; safety analyses were in treated patients. This study is registered with 
ClinicalTrials.gov, number NCT00317395.

Findings Rates of the primary effi  cacy endpoint in the fi ve otamixaban doses were 7·2% (nine of 125) with 0·035 mg/kg/h, 
4·6% (31/676) with 0·070 mg/kg/h, 3·8% (25/662) with 0·105 mg/kg/h, 3·6% (24/658) with 0·140 mg/kg/h, and 4·3% 
(29/671) with 0·175 mg/kg/h (p=0·34 for trend). In the control group, the rate was 6·2% (28/449), yielding relative risks 
for the fi ve otamixaban doses of 1·16 (95% CI 0·56–2·38), 0·74 (0·45–1·21), 0·61 (0·36–1·02), 0·58 (0·34–1·00), and 
0·69 (0·42–1·15), respectively. Rates of the primary safety endpoint in the fi ve otamixaban doses were 1·6% (two of 122), 
1·6% (11/669), 3·1% (20/651), 3·4% (22/651), and 5·4% (36/664), respectively (p=0·0001 for trend); the rate in the control 
group was 2·7% (12/448).

Interpretation In patients with non-ST-elevation acute coronary syndromes, otamixaban infusions of 0·100–0·140 mg/kg/h 
might reduce ischaemic events and have a safety profi le similar to unfractionated heparin plus eptifi batide. Further 
testing in a phase 3 trial is warranted.

Funding Sanofi -Aventis.

Introduction 
Acute coronary syndromes are a leading cause of mortality 
and morbidity worldwide and typically occur when 
intracoronary thrombus forms at the site of atherosclerotic 
plaque rupture. Plaque rupture leads to exposure of tissue 
factor and consequent activation of factor X.1 Factor Xa is a 
key component of the prothrombinase complex that drives 
the fi nal common pathway of the coagulation cascade, 
generating thrombin, which then converts fi brinogen to 
insoluble fi brin. Thrombin is also a potent activator of 
platelets via cleavage and consequent stimulation of the 
protease-activated receptor (PAR) 1 on the platelet surface.2 
Thus, inhibition of thrombin generation, activity, or both, 
is a logical aim in the treatment of acute coronary 
syndromes.

For many years, unfractionated heparin has been the 
cornerstone of anticoagulant therapy for patients 
presenting with a non-ST-elevation acute coronary 
syndrome.3,4 However, unfractionated heparin has several 
limitations: it is an indirect, non-selective inhibitor of 
coagulation factors; it cannot inhibit clot-bound thrombin; 
it can cause heparin-induced thrombocytopenia; and it has 
unpredictable pharmacodynamic activity.5 By contrast, 
otamixaban is a novel, intravenous, direct, selective 
inhibitor of factor Xa.6,7 Otamixaban has an initial half-life 
of about 30 min and predictable pharmacodynamic activity 
that, by contrast with unfractionated heparin, obviates the 
need for anticoagulation monitoring.

In the SEPIA-PCI trial, a dose-ranging phase 2 study of 
otamixaban compared with unfractionated heparin in 
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947 patients undergoing non-urgent percutaneous 
coronary intervention, the highest dose of otamixaban 
was better than unfractionated heparin in reduction of 
thrombin generation (as measured with prothrombin 
frag ments 1 and 2).8 Moreover, although not designed to 
detect diff erences in the incidence of clinical events, in 
patients given intermediate doses of otamixaban 
(0·120 and 0·160 mg/kg/h), the rates of the clinical 
composite end point of death, myocardial infarction, or 
the need for urgent target vessel revascularisation tended 
to be 30–55% lower than was the rate in the unfractionated 
heparin group, and the rates of TIMI major or minor 
bleeding were similar.

Encouraged by these promising results, we designed 
the SEPIA-ACS1 TIMI 42 trial (Study Program to Evaluate 
the Prevention of Ischemia with direct Anti-Xa inhibition 
in Acute Coronary Syndromes 1—Thrombolysis in 
Myocardial Infarction 42) to assess the effi  cacy and safety 
of several diff erent doses of otamixaban compared with 
unfractionated heparin plus eptifi batide in patients with 
high-risk non-ST-elevation acute coronary syndromes, 
and to identify the optimum dose range for further 
assessment in a phase 3 study.

Methods 
Study design and participants
In this randomised, double-blind, phase 2, parallel group, 
dose-ranging, active-controlled clinical trial, 3241 patients 
were randomly assigned at 196 sites in 36 countries. Patient 
enrolment took place from June 19, 2006, to Nov 19, 2008. 
The trial enrolled patients aged 18 years or older who were 
within 24 h of having symptoms at rest of at least 10 min 
duration that were suggestive of an acute coronary 
syndrome; had high-risk features consisting of either new 
or presumably new ST-segment deviation (depression or 

transient elevation) of 0·1 mV or greater in two or more 
contiguous electrocardiograph leads, or a cardiac biomarker 
of necrosis (cardiac troponin or creatine kinase MB) above 
the upper limit of normal; and were planned to be treated 
with an early invasive strategy with coronary angiography.

Major exclusion criteria were treatment with an 
anticoagulant for the acute coronary syndrome for more 
than 24 h before randomisation, requirement for 
treatment with an oral anticoagulant, contraindications 
to eptifi batide (including bleeding within the previous 
30 days or known bleeding diathesis, severe hypertension 
defi ned  as systolic blood pressure >200 mm Hg or 
diastolic blood pressure >110 mm Hg, major surgery or 
trauma in the past 6 weeks, history of stroke in the past 
30 days or any history of haemorrhagic stroke, or 
creatinine clearance <30 mL/min or dependence on renal 
dialysis), a platelet count less than 100 000 per μL of 
blood, an international normalised ratio of 2 or more, 
previous percutaneous coronary intervention within 
30 days of randomisation, or cardiogenic shock.

The study was approved by the relevant ethics board at 
every participating site, and all patients provided written 
informed consent.

Randomisation and masking
Patients were randomly assigned to one of six parallel 
groups, initially in 1:1:1:1:1:1 ratio, to receive either one of 
fi ve otamixaban (Sanofi -Aventis, Frankfurt, Germany) 
regimens (0·08 mg/kg intravenous bolus followed by an 
infusion of 0·035, 0·070, 0·105, 0·140, or 
0·175 mg/kg/h—doses similar but not identical to those 
studied in SEPIA-PCI8) or an active control of 
unfractionated heparin (Sanofi  Winthrop, Notre Dame 
de Bondeville, France) (60 IU/kg intravenous bolus 
[maximum 4000 IU], followed by an infusion of 

125 assigned to otamixaban
0·080 mg/kg IV bolus
0·035 mg/kg/h infusion
122 received study drug

3 did not

Group stopped early at 
recommendation of DMC

122 followed up ≥7 days
122 followed up ≥30 days 
122 followed up ≥90 days 
121 followed up ≥180 days

125 analysed in the ITT cohort
122 analysed in the safety 

cohort

676  analysed in the ITT cohort
669 analysed in the safety 

cohort

662 analysed in the ITT cohort
651 analysed in the safety 

cohort

658 analysed in the ITT cohort
651 analysed in the safety 

cohort

671 analysed in the ITT cohort
664 analysed in the safety 

cohort

449 analysed in the ITT cohort
448 analysed in the safety 

cohort

672 followed up ≥7 days
670 followed up ≥30 days 
664 followed up ≥90 days 
559 followed up ≥180 days

660 followed up ≥7 days
659 followed up ≥30 days 
652 followed up ≥90 days 
560 followed up ≥180 days

654 followed up ≥7 days
653 followed up ≥30 days 
649 followed up ≥90 days 
545 followed up ≥180 days

669 followed up ≥7 days
668 followed up ≥30 days 
662 followed up ≥90 days 
567 followed up ≥180 days

449 followed up ≥7 days
449 followed up ≥30 days 
446 followed up ≥90 days 
395 followed up ≥180 days

676 assigned to otamixaban
0·080 mg/kg IV bolus
0·070 mg/kg/h infusion
669 received study drug

7 did not

3241 patients enrolled and randomly assigned

662 assigned to otamixaban
0·080 mg/kg IV bolus
0·105 mg/kg/h infusion
651 received study drug

11 did not

658 assigned to otamixaban
0·080 mg/kg IV bolus
0·140 mg/kg/h infusion
651 received study drug

7 did not

671 assigned to otamixaban
0·080 mg/kg IV bolus
0·175 mg/kg/h infusion
664 received study drug

7 did not

449 assigned to 
          unfractionated 
          heparin+eptifibatide

448 received study drug
1 did not

Figure 1: Trial profi le 
We did not keep screening logs in this acute population. IV=intravenous. DMC=Data Monitoring Committee. ITT=intention to treat.
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Otamixaban (mg/kg/h) UFH+eptifi batide 
(n=449)

0·035 (n=125) 0·070 (n=676) 0·105 (n=662) 0·140 (n=658) 0·175 (n=671)

General characteristics

Age (years) 60·0 (13·1) 61·6 (11·3) 61·7 (11·3) 61·5 (11·3) 61·3 (11·6) 61·0 (11·5)

Men 92 (73·6%) 456 (67·5%) 477 (72·1%) 459 (69·8%) 466 (69·4%) 299 (66·6%)

Weight (kg) 78·9 (18·0) 79·2 (17·1) 78·7 (15·5) 78·6 (16·0) 79·3 (15·4) 78·2 (15·4)

Creatinine clearance (mL/min) 103·1 (43·9) 94·6 (37·5) 94·4 (34·4) 93·5 (35·5) 95·2 (34·8) 95·0 (33·9)

Creatinine clearance <50 mL/min 9 (7·7%) 56 (8·9%) 46 (7·5%) 50 (8·1%) 51 (8·2%) 34 (8·1%)

Medical history

Hypertension 85 (69·1%) 465 (69·7%) 457 (70·7%) 467 (72·2%) 466 (70·8%) 297 (67·2%)

Dyslipidaemia requiring therapy 56 (45·5%) 341 (51·1%) 318 (49·2%) 320 (49·5%) 327 (49·7%) 217 (49·1%)

Current smoker 40 (32·5%) 212 (31·8%) 200 (31·0%) 208 (32·1%) 209 (31·8%) 152 (34·4%)

Diabetes mellitus 31 (25·2%) 190 (28·5%) 177 (27·4%) 201 (31·1%) 189 (28·7%) 125 (28·3%)

Previous myocardial infarction 22 (17·9%) 123 (18·4%) 132 (20·4%) 169 (26·1%) 146 (22·2%) 90 (20·4%)

Index presentation

ST deviation ≥0·1 mV 61 (48·8%) 366 (54·1%) 389 (58·8%) 367 (55·8%) 394 (58·7%) 254 (56·6%)

Elevated troponin or CK MB 106 (84·8%) 508 (75·1%) 509 (76·9%) 518 (78·7%) 508 (75·7%) 353 (78·6%)

Data are mean (SD) or number (%). ST deviation includes depression or transient elevation. Percentages based on available data for every variable. UFH=unfractionated 
heparin. CK=creatine kinase.

Table 1: Baseline characteristics

Otamixaban (mg/kg/h) UFH+eptifi batide 
(n=449)

0·035 (n=125) 0·070 (n=676) 0·105 (n=662) 0·140 (n=658) 0·175 (n=671)

Study drug duration (h)

Drug A (otamixaban or placebo) 5·42 (3·40–21·17) 5·17 (3·55–18·58) 5·40 (3·50–18·58) 4·92 (3·38–19·83) 5·08 (3·55–17·63) 4·87 (3·58–19·10)

Drug B (UFH or placebo) 5·38 (3·33–20·52) 5·15 (3·52–18·63) 5·37 (3·42–18·48) 4·88 (3·37–19·00) 5·00 (3·50–17·50) 4·85 (3·53–19·00)

Drug C (eptifi batide or placebo) 21·22 (10·70–27·75) 21·47 (7·02–26·48) 20·97 (8·67–25·75) 21·30 (8·33–25·95) 20·75 (8·00–24·67) 20·48 (8·32–25·17)

Other drugs

Aspirin 122 (97·6%) 667 (98·7%) 651 (98·3%) 649 (98·6%) 657 (97·9%) 443 (98·7%)

Clopidogrel 123 (98·4%) 668 (98·8%) 651 (98·3%) 645 (98·0%) 664 (99·0%) 441 (98·2%)

Clopidogrel ≥600 mg 31 (24·8%) 130 (19·2%) 126 (19·0%) 128 (19·5%) 137 (20·4%) 88 (19·6%)

Clopidogrel before angiography* 114 (92·7%) 635 (94·6%) 614 (93·5%) 613 (94·9%) 628 (95·6%) 424 (95·9%)

Time from clopidogrel loading to angiography (h) 18·19 (7·17–24·88) 17·67 (6·42–24·70) 17·58 (6·03–25·20) 17·50 (5·83–24·92) 17·98 (5·70–24·33) 18·17 (5·83–24·77)

Anticoagulant before randomisation† 85 (68·0%) 425 (62·9%) 443 (66·9%) 415 (63·1%) 446 (66·5%) 297 (66·1%)

UFH (bolus or infusion) 41 (32·8%) 225 (33·3%) 216 (32·6%) 219 (33·3%) 240 (35·8%) 157 (35·0%)

Low-molecular-weight heparin 49 (39·2%) 215 (31·8%) 255 (38·5%) 220 (33·4%) 234 (34·9%) 153 (34·1%)

β blocker 96 (77·4%) 545 (80·7%) 561 (85·0%) 548 (83·5%) 554 (82·8%) 380 (84·6%)

Statin 107 (86·3%) 590 (87·4%) 586 (88·8%) 573 (87·3%) 573 (85·7%) 395 (88·0%)

Procedures

Angiography 123 (98·4%) 671 (99·3%) 657 (99·2%) 646 (98·2%) 657 (97·9%) 442 (98·4%)

Day 1 78 (63·4%) 448 (66·7%) 433 (65·9%) 423 (65·4%) 456 (69·3%) 295 (66·6%)

Day 2 43 (35·0%) 192 (28·7%) 184 (28·0%) 182 (28·2%) 172 (26·3%) 127 (28·9%)

Day 3 or 4 2 (1·6%) 31 (4·6%) 40 (6·1%) 41 (6·4%) 29 (4·4%) 20 (4·5%)

Time from randomisation to angiography (h) 5·82 (4·25–19·25) 5·20 (3·75–17·15) 5·30 (3·60–17·95) 4·93 (3·65–18·62) 5·20 (3·65–16·15) 5·15 (3·82–17·77)

PCI 81 (64·8%) 417 (61·7%) 419 (63·3%) 396 (60·2%) 433 (64·5%) 286 (63·7%)

Stent‡ 70 (86·4%) 399 (95·7%) 393 (93·8%) 373 (94·2%) 407 (94·0%) 263 (92·0%)

CABG without previous PCI 5 (4·0%) 20 (3·0%) 27 (4·1%) 26 (4·0%) 16 (2·4%) 23 (5·1%)

Data are median (IQR) and number (%). Percentages based on available data for every variable. UFH=unfractionated heparin. PCI=percutaneous coronary intervention. CABG=coronary-artery bypass 
grafting. *Percentage of patients who underwent angiography. †Patients could have received more than one type of anticoagulant before study drug. ‡Percentage of patients who underwent PCI.

Table 2: Study drug, cardiac drugs, and procedures
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12 IU/kg/h [initial maximum 1000 IU/h]) plus eptifi batide 
(Schering Corp, Kenilworth, USA) (180 μg/kg intravenous 
bolus [maximum 22·6 mg] followed by an infusion of 
2·0 μg/kg/min [maximum 15 mg/h] or 1·0 μg/kg/min in 
patients with a creatinine clearance <50 mL/min). 

An independent statistician generated a randomisation 
scheme and then provided it to a central randomisation 
service, which then used dynamic allocation of 
randomisation blocks to investigational sites. 
Investigators used a telephone-based interactive voice 
response system to receive the study treatment kit box 
number to be dispensed to the patient.  Both investigators 
and patients were unaware of treatment allocation. Study 
drugs were administered with a triple-dummy design. 
Investigators monitoring the anticoagulation to adjust 

the dose of unfractionated heparin to maintain an 
activated partial thromboplastin time of 1·5–2·0 times 
control were masked to group assignment. 

Procedures 
Otamixaban (or matching placebo) and unfractionated 
heparin (or matching placebo) were to be administered 
until the end of the percutaneous coronary intervention. 
Eptifi batide (or matching placebo) was to be administered 
until 18–24 h after the end of the percutaneous coronary 
intervention. If no percutaneous coronary intervention 
was done, study drugs could be discontinued after 
diagnostic angiography or continued as long as clinically 
indicated up until day 4 of admission to hospital. Study 
drug was to be discontinued at least 3 h before 
coronary-artery bypass grafting. At the discretion of the 
investigator, a patient could receive bailout glycoprotein 
IIb/IIIa inhibitor, which was provided as a masked bolus 
of eptifi batide (or matching placebo for patients already 
on eptifi batide), to be followed by an infusion of 
open-label eptifi batide (webappendix p 1).

Background treatment was at the discretion of the 
investigator. The protocol recommended that participants 
receive aspirin and clopidogrel according to practice 
guidelines at randomisation (if not already administered) 
and that both drugs be continued for the duration of the 
study. Anticoagulants started before enrolment were 
discontinued, and study drugs were begun either 
90–150 min after discontinuation of an unfractionated 
heparin infusion or 8–12 h after the last dose of 
low-molecular-weight heparin. Patients were to be 
managed with an early invasive strategy with angiography 
within 72 h of randomisation and subsequent coronary 
revascularisation as indicated.

Patients were followed up for clinical endpoints and 
adverse outcomes up to 180 days (or 90 days after the last 
patient was randomly assigned, whichever came fi rst). An 
independent Data Monitoring Committee reviewed 
unblinded data for patient safety; no interim analyses for 
effi  cacy or futility were done. During the trial, this 
committee recommended that the group receiving the 
lowest dose of otamixaban (0·035 mg/kg/h) be discontin-
ued because of clinical evidence of inadequate anticoagu la-
tion. The proto col was immediately amended in accor   d ance 
with that recommendation, and participants were subse-
quently randomly assigned in 2:2:2:2:1 ratio to the remain-
ing otamixaban and control groups, respectively.

Outcomes
The primary effi  cacy endpoint was a composite of all-cause 
death, myocardial infarction, severe recurrent myocardial 
ischaemia requiring urgent revascularisation, or bailout 
use of a glycoprotein IIb/IIIa inhibitor for recurrent 
ischaemia or for a thrombotic complication during 
percutaneous coronary intervention up to 7 days. Other 
effi  cacy endpoints were individual components of the 
composite endpoint up to 7 days, the composite endpoint 
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Figure 2: Effi  cacy outcomes up to 7 days
(A) Proportion of patients with the primary effi  cacy endpoint of all-cause death, myocardial infarction, severe 
recurrent myocardial ischaemia requiring urgent revascularisation, or bailout use of a glycoprotein 
IIb/IIIa inhibitor for recurrent ischaemia or for a thrombotic complication during percutaneous coronary 
intervention. p=0·34 for trend across the otamixaban dose group. Relative risks (RR) and 95% CIs compared 
with the control group of unfractionated heparin (UFH) plus eptifi batide are displayed below the corresponding 
bars in the graph. The RR for otamixaban doses 0·105 and 0·140 mg/kg/h combined versus unfractionated 
heparin plus eptifi batide was 0·60, 95% CI 0·38–0·94; p=0·0236. (B) Proportion of patients with all-cause 
death or myocardial infarction. The RR for otamixaban doses 0·105 and 0·140 mg/kg/h combined versus 
unfractionated heparin plus eptifi batide was 0·54, 95% CI 0·32–0·91; p=0·0198. The p values represent nominal 
p values without correction for multiple hypothesis testing.

See Online for webappendix
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up to 180 days, and procedural thrombotic complications 
(including abrupt vessel or side-branch closure; new 
intracoronary, catheter, or guidewire thrombus; distal 
embolisation; or no or slow refl ow). The primary safety 
endpoint was TIMI major or minor bleeding not related to 
coronary-artery bypass grafting up to 7 days. Other safety 
endpoints included all TIMI major bleeding, TIMI minor 
bleeding, TIMI minimal bleeding, transfusion, and stroke.9 
A clinical events committee reviewed and adjudicated all 
deaths, suspected myocardial ischaemic events, strokes, 
bailout use of a glycoprotein IIb/IIIa inhibitor, procedural 
thrombotic complications, and suspected bleeding events.

Statistical analysis
Baseline characteristics are presented as means with 
SDs, medians with IQRs, or counts and percentages as 
appropriate for the variable. The incidence of the primary 
effi  cacy and safety endpoints were calculated for every 
group. To test for a trend across otamixaban regimens, 
we used a Cochran-Armitage test. To compare otamixaban 
regimens with the control group of unfractionated 
heparin plus eptifi batide, relative risks (RRs) were 
calculated with 95% CIs. Event rates up to 180 days were 
estimated with the Kaplan-Meier method. Effi  cacy 
analyses were done in the intention-to-treat population; 
safety analyses were done in the treated population. The 
initial sample size of 450 participants per group was 
planned to provide 80% power at a two-sided α of 0·05 to 
detect a trend across the fi ve dose groups of otamixaban, 
resulting in a primary endpoint event rate ranging from 
8% in the lowest otamixaban dose group to 4% in the 
highest. After premature discontinuation of the lowest 
dose group, the sample size was reassessed and we 
determined that 680 participants in the remaining 
otamixaban dose groups were needed to maintain 80% 
power across the fi ve otamixaban dose groups.  

This study is registered with ClinicalTrials.gov, number 
NCT00317395.

Role of the funding source
The study was designed collaboratively by the TIMI 
Study Group, the sponsors, and a steering committee of 
investigators. All analyses were done by the TIMI Study 
Group with an independent copy of the complete 
database. MSS, EMA, and EB wrote all drafts of the 
report and had fi nal responsibility for the decision to 
submit for publication.

Results 
Figure 1 shows the trial profi le of the 3241 patients who 
were randomly assigned. Table 1 summarises the baseline 
characteristics, which were similar between the treatment 
groups. Use of guideline-recommended cardiac drugs was 
high (table 2), including 3192 (98%) patients receiving 
clopidogrel and 3028 of the patients undergoing 
angiography (95%) receiving it upstream before 
angiography. In accordance with the protocol recom-

mendation, 3196 (99%) patients underwent coronary angi-
og raphy, and 2133 of those (67%) did so on the day of 
randomisation (table 2). Vascular access was obtained 
through the femoral approach in 2518 patients (79%), the 
radial approach in 662 (21%), and the brachial approach in 
16 (1%). 2032 (63%) patients underwent percutaneous 
coronary intervention and 117 (4%) underwent coronary-
artery bypass grafting (table 2). The median duration of 
treatment with otamixaban or unfractionated heparin was 
roughly 5 h and with eptifi batide or placebo was 21 h 
(table 2).

Figure 2A shows the rates of the primary effi  cacy 
endpoint—the composite of all-cause death, myocardial 
infarction, severe recurrent myocardial ischaemia 
requiring urgent revascularisation, or bailout use of a 
glycoprotein IIb/IIIa inhibitor—up to 7 days across the 
treatment groups. There was no statistically signifi cant 
trend in the rate of the primary effi  cacy endpoint across 
the otamixaban groups (p=0·34). However, in all the 
otamixaban groups apart from the lowest dose, the point 
estimate for the primary effi  cacy endpoint favoured 
otamixaban over unfractionated heparin plus eptifi batide 
(fi gure 2A). Specifi cally, at intermediate doses (0·105 and 
0·140 mg/kg/h), treatment with otamixaban resulted in 
about 40% reductions in the primary effi  cacy endpoint 
(fi gure 2A). These diff erences in the composite endpoint 
were driven by reductions of 45% or more in death or 
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Figure 3: Primary effi  cacy outcome up to 180 days
Kaplan-Meier estimates of the cumulative incidence of the primary effi  cacy endpoint of all-cause death, myocardial 
infarction, severe recurrent myocardial ischaemia requiring urgent revascularisation, or bailout use of a 
glycoprotein IIb/IIIa inhibitor for recurrent ischaemia or for a thrombotic complication during percutaneous 
coronary intervention. UFH=unfractionated heparin.
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myocardial infarction compared with unfractionated 
heparin plus eptifi batide at these doses (fi gure 2B). The 
diff erences in the rates of the primary endpoint seen by 
7 days persisted during 180 days of follow-up (fi gure 3).

Table 3 shows the rates of individual effi  cacy endpoints 
up to 7 days. Of note, patients given low doses of 
otamixaban (0·035 and 0·070 mg/kg/h) tended to have 
two-fold to three-fold higher rates of bailout glycoprotein 
IIb/IIIa inhibitor use for recurrent ischaemia or for a 
thrombotic complication than did those given 
unfractionated heparin plus eptifi batide (RR 2·87, 
95% CI 0·78–10·54 for otamixaban 0·035 mg/kg/h; 
RR 1·99, 0·73–5·44 for otamixaban 0·070 mg/kg/h; 
RR 2·13, 0·80–5·47, p=0·12 for doses combined). 
Patients given otamixaban at doses greater than 
0·105 mg/kg/h had rates of bailout glycoprotein IIb/IIIa 
inhibitor use similar to that noted with unfractionated 
heparin plus eptifi batide (table 3).

In patients who underwent percutaneous coronary 
intervention, TIMI fl ow grade 3 and procedural success 
(defi ned as a residual stenosis <50% and TIMI fl ow 
grade 3) were each achieved in more than 90% of cases 
across all treatment groups (data not shown). Patients 
given low doses of otamixaban (0·035 and 0·070 mg/kg/h) 
tended to have two-fold to three-fold higher rates of 
procedural thrombotic complications than did those given 
unfractionated heparin plus eptifi batide (fi gure 4). Patients 
given otamixaban at doses greater than 0·105 mg/kg/h 
had rates of thrombotic complications similar to those 
noted with unfractionated heparin plus eptifi batide 
(fi gure 4; webappendix p 2 provides further details).

Figure 5 shows the rates of the primary safety endpoint, 
TIMI major or minor bleeding not related to 
coronary-artery bypass grafting, up to 7 days across the 
treatment groups. We noted a signifi cant dose response 
across the fi ve otamixaban groups (p=0·0001 for trend). 
Patients given low doses of otamixaban (0·035 and 
0·070 mg/kg/h) tended to have lower rates of the primary 
safety endpoint, those given intermediate doses 
(0·105 and 0·140 mg/kg/h) had similar rates, and those 

Otamixaban (mg/kg/h) UFH+eptifi batide (n=449)

0·035 (n=125) 0·070 (n=676) 0·105 (n=662) 0·140 (n=658) 0·175 (n=671)

Primary effi  cacy endpoint 9 (7·2%) 31 (4·6%) 25 (3·8%) 24 (3·6%) 29 (4·3%) 28 (6·2%)

Death, MI, or urgent revascularisation 7 (5·6%) 19 (2·8%) 21 (3·2%) 20 (3·0%) 23 (3·4%) 25 (5·6%)

Death or MI 6 (4·8%) 19 (2·8%) 17 (2·6%) 18 (2·7%) 19 (2·8%) 22 (4·9%)

Death 1 (0·8%) 9 (1·3%) 8 (1·2%) 8 (1·2%) 8 (1·2%) 8 (1·8%)

MI* 5 (4·0%) 11 (1·6%) 9 (1·4%) 13 (2·0%) 12 (1·8%) 14 (3·1%)

Spontaneous 3 (2·4%) 5 (0·7%) 6 (0·9%) 6 (0·9%) 6 (0·9%) 6 (1·3%)

Peri-PCI 3 (2·4%) 4 (0·6%) 3 (0·5%) 6 (0·9%) 5 (0·8%) 7 (1·6%)

Urgent revascularisation 1 (0·8%) 2 (0·3%) 5 (0·8%) 2 (0·3%) 4 (0·6%) 3 (0·7%)

Protocol-defi ned bailout GP IIb/IIIa inhibitor use 4 (3·2%) 15 (2·2%) 9 (1·4%) 5 (0·8%) 8 (1·2%) 5 (1·1%)

Data are number (%) of patients. UFH=unfractionated heparin. MI=myocardial infarction. PCI=percutaneous coronary intervention. GP=glycoprotein. *Patients could have had both a spontaneous and a peri-PCI myocardial 
infarction.

Table 3: Effi  cacy outcomes up to 7 days
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given the highest dose (0·175 mg/kg/h) had a signifi cantly 
higher rate (p=0·0273) than did those given unfractionated 
heparin plus eptifi batide (fi gure 5). The webappendix p 3 
shows the rate of the net clinical outcome (the composite 
of the primary effi  cacy and the primary safety endpoint) 
up to 7 days across the treatment groups. 

Table 4 shows the rates of additional safety endpoints 
up to 7 days. Compared with patients given unfractionated 
heparin plus eptifi batide, patients given low doses of 
otamixaban (0·035 and 0·070 mg/kg/h) had similar rates 
of minimal bleeding, those given intermediate doses 
(0·105 and 0·140 mg/kg/h) had two-fold increases in 
minimal bleeding (RR 1·95, 95% CI 1·26–3·03, and 2·12, 
1·37–3·27, respectively), and those given the highest dose 
(0·175 mg/kg/h) had a nearly a three-fold increase in 
minimal bleeding (RR 2·83, 1·86–4·31). Safety outcomes 
up to 30 days paralleled the data up to 7 days 
(webappendix p 4).

Discussion 
The SEPIA-ACS1 TIMI 42 trial examined the effi  cacy and 
safety of anticoagulation with otamixaban—a novel, intra-
venous, direct, selective inhibitor of factor Xa—in patients 
with high-risk non-ST-elevation acute coronary syn dromes. 
Treatment with otamixaban at doses of 0·105 or 
0·140 mg/kg/h was associated with a 40% reduction in 
death or ischaemic complications compared with unfrac-
tionated heparin plus eptifi batide. Doses of otamixaban of 
0·070 mg/kg/h or less were associated with increases 
towards at least a doubling in the need for a bailout 
glycoprotein IIb/IIIa inhibitor and in thrombotic compli-
cations during percutaneous coronary inter ven-
tion, and thus seem to off er inadequate anti coagu lation. 
Con versely, otamixaban 0·175 mg/kg/h resulted in sig-
nifi cantly more TIMI major or minor bleeding than did 
unfractionated heparin plus eptifi batide. Otamixaban 
doses of 0·105 and 0·140 mg/kg/h were associated with 
non-signifi cant excesses of TIMI major and TIMI major or 
minor bleeding compared with unfractionated heparin 
plus eptifi batide. Thus otamixaban given with a bolus 

of 0·080 mg/kg followed by an infusion of 
0·100–0·140 mg/kg/h seems to be the most reasonable 
choice for future study.

Otamixaban has several attractive pharmacological 
properties. Its selective inhibition of factor Xa enables it 
to inhibit thrombin generation rather than thrombin 
activity.6 In animal models of thrombosis, brief infusions 
of otamixaban resulted in long-term arterial patency, 
which was better than that achieved with unfractionated 
heparin.10 This fi nding accords with our observation of a 
tendency toward lower ischaemic events with otamixaban 
than with unfractionated heparin plus eptifi batide, despite 
fairly brief durations of therapy. As a small, direct inhibitor 
of factor Xa, otamixaban can inhibit both fl uid-phase and 
clot-bound factor Xa.6 Otamixaban is reversible, with near 
immediate onset of action after a bolus and an initial 
half-life of 30 min,11 off ering rapid on–off  anticoagulant 
activity, which is a desirable feature in the setting of 
invasive management of an acute coronary syndrome. 
Otamixaban is mainly cleared unchanged via the biliary 
system with less than 25% renal excretion, suggesting no 
need for dose modifi cation in case of renal insuffi  ciency.11 
Similar to some other anti-Xa drugs, otamixaban can 
prolong the activated partial thromboplastin time (aPTT). 
However, monitoring of aPTT is not necessary since there 
is a very strong correlation between otamixaban’s anti-Xa 
pharma codynamic eff ect and its blood concentration, and 
only small variability between patients in blood concen-
tration for a specifi c dose.12

The results of SEPIA-ACS1 TIMI 42 are consistent with 
those of the earlier SEPIA-PCI trial8 in patients 
undergoing elective percutaneous coronary intervention. 
In that study, otamixaban doses in the range of 
0·120–0·160 mg/kg/h were associated with 30–55% 
lower rates of death or ischaemic complications and 
similar rates of TIMI major or minor bleeding compared 
with unfractionated heparin.8

We compared otamixaban with unfractionated heparin 
plus eptifi batide on a recommended background of dual 
antiplatelet therapy with aspirin plus clopidogrel. Not 

Otamixaban (mg/kg/h) UFH+eptifi batide (n=448)

0·035 (n=122) 0·070 (n=669) 0·105 (n=651) 0·140 (n=651) 0·175 (n=664)

TIMI major or minor bleeding not related to CABG* 2 (1·6%) 11 (1·6%) 20 (3·1%) 22 (3·4%) 36 (5·4%) 12 (2·7%)

At vascular access site 1 (0·8%) 6 (0·9%) 7 (1·1%) 15 (2·3%) 18 (2·7%) 6 (1·3%)

Not at vascular access site 1 (0·8%) 5 (0·7%) 14 (2·2%) 9 (1·4%) 19 (2·9%) 6 (1·3%)

TIMI major bleeding not related to CABG 1 (0·8%) 5 (0·7%) 9 (1·4%) 8 (1·2%) 11 (1·7%) 3 (0·7%)

TIMI major bleeding 1 (0·8%) 12 (1·8%) 22 (3·4%) 17 (2·6%) 23 (3·5%) 8 (1·8%)

TIMI minor bleeding 1 (0·8%) 6 (0·9%) 11 (1·7%) 14 (2·2%) 25 (3·8%) 9 (2·0%)

Transfusion 8 (6·6%) 41 (6·1%) 40 (6·1%) 50 (7·7%) 55 (8·3%) 41 (9·2%)

TIMI minimal bleeding 5 (4·1%) 45 (6·7%) 71 (10·9%) 77 (11·8%) 105 (15·8%) 25 (5·6%)

Stroke 0 (0·0%) 1 (0·1%) 3 (0·5%) 1 (0·2%) 3 (0·5%) 1 (0·2%)

Data are number (%) of patients. UFH=unfractionated heparin. CABG=coronary-artery bypass grafting.*Patients could have had both a vascular and non-vascular access site bleed.

Table 4: Safety outcomes up to 7 days
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only is unfractionated heparin one of the most 
commonly used anticoagulants in non-ST-elevation 
acute coronary syndromes, but in the setting of an early 
invasive strategy, it has been given a class I 
recommendation by the European Society of Cardiology, 
the American College of Cardiology, and the American 
Heart Association.4,13 Similarly, these professional 
societies give a class IIa recommendation for the 
addition of a small-molecule glycoprotein IIb/IIIa 
inhibitor such as eptifi batide to upstream dual oral 
antiplatelet therapy in high-risk patients. Thus, our 
control group represents therapy for high-risk patients 
with non-ST-elevation acute coronary syndromes that 
has been endorsed by guidelines from professional 
societies and approved by regulatory agencies.  Moreover, 
the rates of ischaemic and bleeding events in our control 
group are similar to those recorded in patients given 
similar regimens in other large trials.14

However, several alternative anticoagulants have been 
studied in non-ST-elevation acute coronary syndromes. 
The low-molecular-weight heparin enoxaparin has better 
effi  cacy than does unfractionated heparin,15 but the two 
drugs seem to be fairly similar in the setting of an early 
inva sive strategy.16,17 Treatment with the direct thrombin 
inhibitor bivalirudin, when compared with unfractionated 
heparin plus a glycoprotein IIb/IIIa inhibitor, resulted in 
similar rates of ischaemic events and lower rates of 
bleeding,14 the opposite of what we recorded with inter-
mediate doses of otamixaban in this study. Fondaparinux 
is an indirect factor Xa inhibitor and is not shortacting 
(half-life of 17–21 h). When compared with enoxaparin, it 
resulted in similar short-term rates of ischaemic events, 
less bleeding, and lower 30-day mortality.18 However, use of 
fondaparinux was associated with a high rate of 
catheter-related thromboses, and supplementation with 
another anticoagulant is needed when percutaneous 
coronary intervention is required.19 In SEPIA-ACS1 
TIMI 42, we noted no catheter-related thromboses with 
either the 0·105 or the 0·140 mg/kg/h otamixaban doses. 
Nonetheless, careful tracking of these events will be needed 
in a phase 3 trial. Of note, neither bivalirudin nor 
fondaparinux has yet been approved in the USA for the 
treatment of non-ST-elevation acute coronary syndromes.

Several oral factor Xa inhibitors are being assessed for 
long-term outpatient use after clinical stabilisation from an 
acute coronary syndrome. Both rivaroxaban and apixaban 
have been studied in phase 2 trials and have shown 
promising reductions in ischaemic events and 
dose-dependent increases in bleeding.20,21 Thus, patients 
could receive intense intravenous factor Xa inhibition 
during admission for their acute coronary syndrome, and 
then transition to long-term oral factor Xa inhibition.

Increased potency oral antiplatelet agents such as 
prasugrel and ticagrelor are emerging.22–24 As these agents 
are adopted into clinical practice, the effi  cacy and safety 
profi le of otamixaban will need to be assessed in 
combination with them. Moreover, the need for and 

optimum timing of glycoprotein IIb/IIIa inhibition 
remains debated,25,26 and will also need to be reassessed 
in the context of new oral antiplatelet agents with 
increased potency.

Our study off ers additional preliminary evidence for the 
effi  cacy and safety of direct factor Xa inhibition with 
otamixaban in patients with coronary disease. Examination 
of the ischaemic, thrombotic, and bleeding event rates 
across the fi ve doses tested provides a clear signal as to 
the optimum dose to be used in a large phase 3 trial of 
otamixaban in acute coronary syndromes.
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